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In Experiment 1, three pigeons were trained to obtain grain by depressing one foot treadle
in the presence of a 746-Hertz tone stimulus and by depressing a second foot treadle in the
presence of a red light stimulus. Intertrial stimuli included white light and the absence of
tone. The latencies to respond on auditory element trials were as fast, or faster, than on
visual element trials, but pigeons always responded on the visual treadle when presented
with a compound stimulus composed of the auditory and visual elements. In Experiment 2,
pigeons were trained on the auditory-visual discrimination task using as trial stimuli in-
creases in the intensity of auditory or visual intertrial stimuli. Again, pigeons showed visual
dominance on subsequent compound stimulus test trials. In Experiment 3, on compound
test trials, the onset of the visual stimulus was delayed relative to the onset of the auditory
stimulus. Visual treadle responses generally occurred with delay intervals of less than 500
milliseconds, and auditory treadle responses generally occurred with delay intervals of
greater than 500 milliseconds. The results are discussed in terms of Posner, Nissen, and
Klein's (1976) theory of visual dominance in humans..
Key words: visual dominance, auditory-visual discrimination, food, stimulus compound-

ing, pigeons

The concept of selective attention is used to
explain a variety of data in both the human
information processing and animal learning
literatures. In spite of this commonality, the
two fields differ with respect to both research
methodologies and theoretical explanations of
selective attention phenomena. Human stud-
ies typically ask how instructional and stimu-
lus variables influence steady-state perform-
ance, and emphasize the concept of limited
information processing resources and the stra-
tegic control over the use of these resources
(cf. Posner and Snyder, 1975). Animal studies
typically ask how stimulus variables and prior
histories of reinforcement affect the learning
of associations between stimuli and responses,
and stress factors such as stimulus salience and
the "information" value of stimulus events (cf.
Kamin, 1969; Mackintosh, 1975).
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Lord for the preparation of this manuscript. Portions
of this paper were presented by A. Randich at the APA
convention in San Francisco, 1977.

Consideration of these dichotomous liter-
atures suggests a question. Are the mecha-
nisms underlying the phenomena of selective
attention in animals and man truly different,
or are the apparent differences merely an arti-
fact of the interests and paradigms that char-
acterize the two fields? Surely, no answer will
be forthcoming, and no real comparisons will
be possible until attentional processes in ani-
mals and man are studied under analogous
conditions.

In the following experiments, a technique
introduced by Colavita (1974) to study human
selective attention was applied to pigeons, in
a search for similar effects in the two species.
Colavita trained human subjects to respond
on one key to a visual stimulus and on an-
other key to an auditory stimulus. When re-
action times were virtually equivalent on audi-
tory and visual element trials, a compound
stimulus composed of both elements was pre-
sented unexpectedly to the subject. Ten sub-
jects responded on the visual key on 49 of 50
compound test trials, and some reported that
they did not even hear the auditory stimulus
on compound test trials.

In the present experiments, pigeons were
trained to perform a similar auditory-visual
discrimination task by depressing two differ-
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ent foot treadles to obtain grain. When re-
sponse latency measures indicated that the
performances of the auditory and visual trea-
dle responses were asymptotic, the pigeons
were given compound stimulus test trials simi-
lar to those used by Colavita (1974).

EXPERIMENT I

METHOD
Subjects
Three experimentally naive White King pi-

geons, obtained from the Palmetto Pigeon
Plant in Sumter, South Carolina, were food-
deprived to 80% of their free-feeding weights
and maintained at this level throughout the
experiment. Water was freely available in the
home cages.

Apparatus
Training was conducted in a 42-cm by 28-

cm by 30-cm chamber. Two 9-cm by 7-cm foot-
treadles were attached to wooden bars and lo-
cated near the right and left edges of the front
aluminum wall. The treadles were tilted down
from the wall at a 300 angle to a cardboard-
backed grid floor. The lower edge of each
treadle was 3.5 cm from the floor when the
treadle was not depressed. Approximately 0.49
N downward force on the treadle was required
to activate the response microswitch. A treadle
response was used because previous studies
conducted in this laboratory on stimulus con-
trol of food-reinforced responding in pigeons
have used this response (cf. Foree and Lo-
Lordo, 1973). A 5-cm by 4.5-cm grain maga-
zine was located between the two treadles on
the front wall and was illuminated when grain
was available.
A speaker mounted on the front portion of

the left wall produced a 746-Hz tone, which
raised the sound level in the chamber from 60
to 83 dB (scale A; 20 /uN/m2). Visual stimuli
were mounted above a translucent white Per-
spex ceiling. Four red 120-V Christmas tree
bulbs made up the red-light stimulus, and two
similar white bulbs served as the white-light
stimulus during the intertrial interval (ITI).
The experimental chamber was contained

in a ventilated, sound-attenuated box, with
ventilation fans providing masking noise (60
dB, scale A)* All programming and recording
were controlled by electromechanical relay
equipment located in an adjacent room.

Procedure
Training. In the first session, pigeons were

trained to eat from the grain magazine. They
were then trained to depress the right treadle
in the presence of the red-light stimulus, and
to depress the left treadle in the presence of
the tone stimulus. In each case, reinforcement
consisted of a 3-sec access to grain. An equal
number of reinforcements were delivered in
the presence of the tone and light stimuli dur-
ing this training period.
An ITI, during which a white-light stimu-

lus was present, was introduced following
each reinforcement and gradually increased
in duration to a terminal value of 15 sec.
Concurrently, the durations of the tone and
red-light discriminative stimuli were gradually
reduced to a terminal value of 5 sec.
The final training schedule consisted of a

15-sec ITI during which the white houselights
were illuminated. A response on either treadle
during the ITI caused a brief darkening (160
msec) of the chamber and extended the ITI
for 15 sec from the time of the response. The
brief darkening of the chamber produced by
a response during the ITI served as a feed-
back stimulus to facilitate acquisition of the
discrimination. If 15 sec elapsed without a
response, a 5-sec trial period began. Either the
red houselight or the tone was presented. A
response on the correct treadle, e.g., right trea-
dle during the red light, immediately termi-
nated the stimulus, produced 3 sec access to
grain, and then reinstated the ITI conditions.
A response on the incorrect treadle, e.g., right
treadle during the tone, immediately termi-
nated the stimulus and reinstated the ITI. If
no response occurred during the 5-sec trial
period, the ITI was reinstated.

Thirty tone and 30 red-light trials were pre-
sented on a random basis in each session, and
training continued until the pigeon responded
correctly on every trial in a session. Response
latencies during tone and light trials were re-
corded during the following three days.

Testing. The test sessions began with a brief
warmup period during which the training con-
ditions were in effect for five trials. During the
next 80 trials, 16 compound stimulus test
trials, composed of simultaneous onset of the
tone and red-light stimuli, were interspersed
among element trials at a rate of two com-
pound trials for every 10 trials. Responses on
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either the auditory or visual treadle during
compound test trials were reinforced with 3
sec access to grain. The treadle on which the
pigeon responded and the latency to respond
were recorded on all trials in the test session.
Analyses of variance were performed on audi-
tory and visual response latencies for each pi-
geon. The level of rejection was set at p < 0.05.

RESULTS
All pigeons acquired the auditory-visual dis-

crimination within 20 sessions, although the
extensive shaping procedure precluded any
assessment of differential acquisition of the
response in the presence of the two elements.
ITI responses rarely occurred (range 2 to 7
on the final day of baseline training).

Figure 1 presents histograms of response
latencies on auditory and visual element trials
on the final day of baseline training (upper
panels) and during the test session (middle
panels) for these pigeons. Subject P1 responded
significantly faster on auditory element trials
than on visual element trials during the test
session. Response latencies on auditory and
visual element trials were not significantly dif-
ferent for either Subject P2 or P3 during the
test session. The bottom panels of Figure 1

present histograms of response latencies dur-
ing compound test trials in the test session
as a function of the treadle on which the pi-
geons responded. Each pigeon responded on
the visual treadle on every compound test trial
(16/16), and response latencies on compound
test trials were generally comparable to those
obtained on visual element trials, although
Subject P1 responded consistently more slowly
on compound trials than on visual element
trials.

EXPERIMENT II
One possible explanation of the visual dom-

inance effect obtained in Experiment I is that
a pigeon's choice of the visual treadle during
compound stimulus test trials reflects stimu-
lus generalization decrement. In the training
phase, visual element trials consisted of termi-
nation of the visual ITI stimulus (white light)
and onset of the red trial stimulus. An audi-
tory element trial consisted of onset of the
tone trial stimulus in the presence of the vi-
sual ITI stimulus. In the test phase, the com-
pound stimulus test trials consisted of simul-
taneous onset of the red-light stimulus and
the tone stimulus, but in the absence of the
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Fig. 1. Histograms of response latencies for Subjects P1, P2, and P3 in Experiment I during (1) auditory and

visual trials on the final day of baseline training (upper panels), (2) auditory and visual trials during the test
session (middle panels), and (3) compound test trials (lower panels), as a function of the treadle on which the pi-
geon responded. The mean response latency and standard error of the mean are denoted in each panel.
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visual ITI stimulus. The absence of the visual
ITI stimulus on compound stimulus test trials
may make such trials more like the visual ele-
ment trials (absence of visual ITI stimulus)
than like auditory element trials (presence of
the visual ITI stimulus). Less stimulus gen-
eralization decrement between visual element
trials and compound trials than between audi-
tory element trials and compound trials might
then account for the visual dominance effect.
Experiment II tested a stimulus generaliza-

tion decrement account of the visual domi-
nance effect by presenting both auditory and
visual ITI stimuli, and using increases in the
intensity of such stimuli as trial stimuli. Thus,
pigeons were required to perform an intensity
discrimination on both auditory and visual
element trials, and compound stimulus test
trials involved simultaneous increases in the
intensity of both auditory and visual ITI stim-
uli, thereby eliminating the asymmetrical re-
lation between element and compound trials
of the first experiment.

METHOD
Subjects
Two experimentally naive White King pi-

geons served; all other conditions were as de-
scribed in Experiment I.

Apparatus
The apparatus was as described in Experi-

ment I. The visual ITI stimulus was produced
by overhead white houselights (0.27 candelas/
m2) and the visual trial stimulus was produced
by increasing the intensity of the overhead
white houselights from 0.27 candelas/m2 to
8.57 candelas/m2. The auditory ITI stimulus
was a 746-Hz tone presented at 70 dB (A scale,
SPL), and the auditory trial stimulus was pro-
duced by increasing the intensity of the 746-
Hz tone from 70 dB to 80 dB (scale A, SPL).

Procedure
The basic training procedure was as de-

scribed in Experiment I. The final training
schedule consisted of a 15-sec ITI, during
which both a 746-Hz tone (70 dB) and the
overhead white houselights (0.27 candelas/m2)
were on. A response on either treadle during
the ITI caused a brief (160 msec) darkening
of the chamber and a brief (160 msec) cessa-
tion of the tone, to equate modalities for the
feedback stimuli. If 15 sec elapsed without a

response, a 5-sec trial period began in which
either the intensity of the tone was increased
from 70 to 80 dB, or the intensity of the white
light was increased from 0.27 to 8.57 candelas/
m2. For Subject P4, the right treadle was des-
ignated as the visual treadle and the left trea-
dle as the auditory treadle. For Subject P5,
the right treadle was designated as the audi-
tory treadle and the left treadle as the visual
treadle. A response on the appropriate treadle
immediately terminated the stimulus (i.e., re-
instated the ITI stimulus) and produced 3 sec
access to grain. A response on the inappropri-
ate treadle immediately terminated the stimu-
lus and reinstated the ITI conditions. If no
response occurred during the 5-sec trial pe-
riod, the ITI conditions were reinstated.
The test procedure was as described in Ex-

periment 1. Compound stimulus test trials
were composed of simultaneous increases in
the intensities of the visual and auditory ITI
stimuli.

RESULTS
Subject P4 met the baseline criterion of

100% correct responses in 25 sessions. Sub-
ject P5 did not meet the baseline criterion of
100% correct responses in 36 sessions, but re-
sponded on an average of 83% of visual ele-
ment trials and 90% of auditory element trials
over the last 15 days of training, and then
was tested.

Figure 2 presents histograms of response la-
tencies on auditory and visual element trials
on the final day of baseline training (upper
panels) and during the test session (middle
panels) for each pigeon. Both pigeons had
shorter mean latencies to respond on auditory
element trials than on visual element trials
during the test session, although these differ-
ences were not significant. Subject P5 re-
sponded on 91% of the auditory element trials
and 84% of the visual element trials in tjie
test session; these percentages were comparable
to those observed over the last 15 days of base-
line training. The bottom panels of Figure 2
present histograms of response latencies dur-
ing compound test trials as a function of the
treadle on which the pigeons responded. Each
pigeon responded on 15 of 16 compound stim-
ulus test trials, and all responses were on the
"visual treadle". Response latencies on com-
pound test trials were comparable to those
obtained on element trials.
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Fig. 2. Histograms of response latencies for Subjects P4 and P5 in Experiment II during (1) auditory and visual

trials on the final day of baseline training (upper panels), (2) auditory and visual trials during the test session
(middle panels), and (3) compound test trials (lower panels), as a function of the treadle on which the pigeon re-
sponded. The mean response latency and standard error of the mean are denoted in each panel.

EXPERIMENT III

In Experiment III, the potency of the visual
dominance effect was measured by delaying
the onset of the visual stimulus relative to the
onset of the auditory stimulus during "com-
pound" stimulus test trials.

Subjects
The three pigeons used in Experiment I

served.

Apparatus
The apparatus was as described in Experi-

ment I.

Procedure
On the day following the test session of Ex-

periment I, each pigeon received a similar

session, except that during compound trials,
the onset of the visual stimulus was delayed
relative to the onset of the auditory stimulus.
The delay intervals were 0, 83, 166, 249, 333,
416, 500, 583, 666, 749, and 833 msec. For ex-

ample, with a 500-msec delay interval the au-

ditory stimulus was presented for 500 msec

in the presence of the white ITI stimulus as

on a normal auditory element trial. After 500
msec of auditory stimulus presentation, the
red-light stimulus was compounded with the
auditory stimulus, and the white ITI stimulus
terminated. Compound trials were interspersed
among element trials at the rate of two per 10
trials, and the various delays were presented
via the method of limits using both ascend-
ing and descending sequences. Testing was
conducted over a two-day period. Four com-

pound trials were presented at each delay in-
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terval to all pigeons except P3. Testing was
not completed because P3 stopped respond-
ing on the third pass through the delay in-
tervals. As in Experiment I, auditory or visual
treadle responses during compound test trials
were reinforced with 3 sec access to grain.

RESULTS
Figure 3 presents the results of the delay

manipulation for these pigeons. Response la-
tency was calculated as the time from auditory
stimulus onset to a treadle response. All pi-
geons continued to respond on the visual trea-
dle during compound test trials in which the
delay to visual stimulus onset was shorter than
500 msec. In general, Figure 3 shows that the
latency to respond on such trials was increased
only by the amount of the delay to visual stim-
ulus onset. Subtracting the amount of delay
to visual stimulus onset from the latency to
respond on the visual treadle at each of these
delay intervals yields response latencies (C/V)
nearly equal to those obtained on visual
element trials (V). Thus, pigeons were re-
sponding to visual stimulus onset and response
latencies were not altered by prior auditory
stimulus onset. When the delay to visual stim-
ulus onset on compound test trials was longer
than approximately 500 msec, the pigeons re-
sponded on the auditory treadle. Response la-
tencies on such trials were consistently faster
than those obtained on auditory element trials
(compare A to C/A).

GENERAL DISCUSSION
Treadle responding by pigeons trained on

an auditory-visual discrimination task was con-
trolled by the visual stimulus when it was
presented in compound with the auditory
stimulus. This visual dominance effect on
compound test trials prevailed even when the
onset of the visual stimulus was delayed rela-
tive to the onset of the auditory stimulus.
These effects are unlikely to be due to differ-
ences between latencies to respond on auditory
and visual element trials during training or
testing. Response latencies on auditory ele-
ment trials were either equivalent to, or
shorter than, latencies on visual element trials.
Indeed, if performance on element trials rep-
resents some measure of response strength,
then Subjects P2 and P3 (Experiment I) and
Subjects P4 and P5 (Experiment II) would

have been expected to respond on the audi-
tory treadle on approximately 50% of com-
pound trials, and Subject P1 (Experiment I)
should have responded on the auditory trea-
dle on virtually all the compound test trials.
By contrast, all subjects responded exclusively
to the visual treadle. Moreover, the choice
data of Subject P1 (Experiment I), for which
auditory element response latencies were sig-
nificantly shorter than visual element response
latencies, renders implausible the argument
that the other birds showed visual dominance
because their response latencies on visual ele-
ment trials were at a "floor", and thus could
not reveal greater response strength to the vis-
ual than to the auditory element.

Finally, it is unlikely that the visual domi-
nance effect obtained in Experiment I was a
result of greater stimulus generalization dec-
rement between auditory element trials and
compound trials than between visual element
trials and compound trials. Experiment II
showed that the same visual dominance effect
occurred on compound stimulus trials that in-
volved simultaneous increases in the intensity
of auditory and visual ITI stimuli.
The present findings parallel those obtained

by Colavita (1974) in a human reaction-time
experiment, and, more recently, by Bushnell
and Weiss (1977) in a stimulus-compounding
experiment with rats. In the latter study, rats
trained to respond for intermittent food rein-
forcement in a two-lever, auditory-visual dis-
crimination task responded at a much higher
rate on the light-correlated lever than on the
tone-correlated lever during compound stimu-
lus presentations. Similar effects had been re-
ported previously by Miller (1973) and Meltzer
and Masaki (1973). Furthermore, Bushnell and
Weiss showed that decreasing the intensity of
the light element of the compound tended to
decrease the overall response rate, but had no
marked effect on the distribution of respond-
ing on the two levers, i.e., the rats continued
to favor the light-correlated lever. Bushnell
and Weiss also reported that presentation of
the light to rats engaged in tone-correlated re-
sponding immediately produced a switch in
the locus of responding from the tone lever
to the light lever. In contrast, presentation of
the tone to rats engaged in light-correlated
responding produced no change in the locus
of responding. The similarity between the ef-
fects observed by Bushnell and Weiss with
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rats and the visual dominance effect obtained
in the present study with pigeons suggests that
a common mechanism may underlie both of
these phenomena. It is interesting to note,
however, that Bushnell and Weiss obtained
additive summation of response rates during
compound stimulus test periods. In the pres-
ent experiments, there was no evidence of ad-
ditive summation of response latencies during
the compound stimulus test trials of Experi-
ments I and II. That is, latencies on com-
pound trials were not shorter than latencies
on element trials. Colavita (1974) also ob-
tained no evidence of additive summation of
response latencies, or redundancy gain, dur-
ing compound stimulus test trials in a similar
design. Perhaps this discrepancy reflects the
differences in response measures (response
rate versus latency to respond) and in proce-
dure (free-operant versus discrete-trial; cf.
Mackintosh, 1974).

Similar visual dominance effects have also
been reported with humans. Visual informa-
tion often dominates information from other
sensory modalities in judgements concerning
the presence and location of objects (Gibson,
1933; Pick, Warren, and Hay, 1969) as well as
in the performance of memorial and speeded
response tasks (Colavita, 1974; Klein and
Posner, 1974). There is no universally ac-
cepted explanation of visual donminance in hu-
mans, although Posner, Nissen, and Klein
(1976) recently emphasized limited informa-
tion processing resources and the subject's
strategic control over the use of these re-
sources. According to their view, visual stim-
uli are inferior to stimuli from other modali-
ties in their capacity to alert (cf. Posner, 1975)
central attention mechanisms. In the absence
of remedial measures, this deficiency in visual
alerting results in frequently missed visual
signals. As a consequence, humans compen-
sate for this deficiency by selectively attend-
ing to visual stimuli. This attentional strateg)
produces the visual dominance effect observed
during compound stimulus presentations,
where one of the elements of the compound
is visual. How this model might be related to
the data obtained in the present experiment
is less clear. For instance, in Experiment III
the latency to respond on the visual treadle
during delayed compound test trials was in-
creased only by the amount of the delay in-
terval up to 500 msec. The pigeons were ap-

parently responding to visual stimulus onset
and were not affected by prior onset of an
auditory stimulus that signalled a conflicting
or incompatible response. Responses that did
occur on the auditory treadle during delayed
compound trials, i.e., at delay intervals longer
than 500 msec, were consistently faster than
responses on auditory element trials. This pat-
tern of results is exactly opposite of that pre-
dicted by Posner et al.'s (1976) model for hu-
mans, and suggests that visual stimuli have
automatic alerting effects for pigeons, similar
to the alerting effects that nonvisual stimuli
are postulated to have for humans. Thus, a
strategic bias to compensate for poor visual
alerting would seem unnecessary to account
for the present data obtained with pigeons,
although both pigeons and humans show the
same visual dominance effect.
On the other hand, it is worthwhile to con-

sider whether simultaneous or near-simulta-
neous onset of auditory and visual stimuli re-
sults in a masking effect. Such an effect was
observed by Colavita (1974). Many subjects re-
ported either that they had not heard the au-
ditory stimulus during compound test trials,
or that they realized the auditory stimulus
had been present only after a trial had termi-
nated. Colativa (1974) interpreted these re-
ports as additional evidence supporting the
notion that central attentional mechanisms
can process information from only one modal-
ity at a time, i.e., visual followed by auditory,
when short-duration stimuli are presented si-
multaneously. Unfortunately, the present ex-
periments had no additional, independent re-
sponse measure that might have supplied
information about a possible masking effect.
Further experiments are needed to examine
this possibility.

In a conceptually similar experiment, Foree
and LoLordo (1973) trained pigeons to depress
a treadle in the presence of an auditory-visual
compound stimulus (red light and tone) either
to obtain grain or to avoid electric. shock.
Subsequently, element tests revealed that the
visual element primarily controlled respbnd-
ing in the appetitive condition, whereas the
auditory element primarily controlled re-
sponding in the shock-avoidance condition.
Foree and LoLordo concluded that the rela-
tive control exerted by the elements of an
auditory-visual compound stimulus depends
on the nature of the reinforcer. Such a notion
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predicts that pigeons trained to perform an
auditory-visual discrimination task to avoid
electric shock would show auditory domi-
nance on compound stimulus test trials. We
have attempted to conduct this experiment,
but to date have been unable to train pigeons
to an adequate level of performance for proper
testing of such a notion.
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